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(54) R-T-B-C BASED SINTERED MAGNET AND PRODUCTION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high performance R-T-B- 
C based sintered magnet (wherein R is at least one rare earth 
element; and T is. Fe, or Fe and Co), and a production method 
therefor. 

SOLUTION: An R-T-B-C based alloy having the main componential 
composition of t by weight, 28 to 33% R (wherein R is at least one 
rare earth element) and 0.9 to 1.1% B+C (wherein the content of B 
is 0.6 to 0.9%, and the content of C is 0.15 to 0.3) and the balance T 
(wherein T is Fe, or Fe and Co) and having a main phase consisting 
of an R2T14 (B, C) phase is pulverized. The obtained fine powder is 
recovered into a nonoxidizing solution consisting of oil such as 
mineral oil and at least one kind of lubricant selected from the 
monovalent alcohol ester of a polybasic acid, the fatty acid ester of 
polyhydric alcohol, and their derivatives, and is then subjected to 
forming, degreasing, sintering, and heat treatment. 
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[fftjfcJfl] fifi%T*R (mLRti*±SS5c;*W^^ 
< th\mx*tbZ>) : 28-33%, B + C: 0.9-1.1% 

(IfiLB : 0. 6-0. 9%-C#> «9 , C : 0. 15—0. 3%T*fc 
6) , Rimn : T (fH. LTliF e, XttF eMCo 
T*£>6) R2T14 (B, C) 

fB£r£f@ ^t6R-T-B-C *-&&*#HMbtt#B« 

wzisX*? y— ftu st^mB^7y-fc*»L, » 

^99.7-99. 99Sft£fl : 0. 3-0. 01 Sft^T'&Sfit^I 
1 (CfB^tco R - T - B - C Jk jffi»K^O*!5e*ffio 

<Hlit*fe§) : 28-33%. B + C : 0.9-1. 1% 
(fllB : 0. 6—0. 9 . C : 0. 15-0. 3%T'fc 

6) , RXmU : T (flLTIiFe, Xte F e&tfC o 

^t^bffilcJ;9»iU R2T14 (B, C) 3EtB& 

i^r y 3/^tB^6HKWic/j:s £ t h^m\m±m<Dmm 

Jffa(DW-t%$££h%L&& 3 —20 u mXfoZ&mO. 05— 3 m 
m(DR-T-B-C^^|, n 0*A*ftt»<fc 

U MIt6:^r«i:t6R-T-B-C^ 

mt>m. 7-99. 99mfigp : o. 3-0. Qmmnx&>z>m&iM 

3 K1B*&<0 R - T - B - C »«E«a^COjRiS*ffio 

bttfe R - T - B - C^& £800-1 lOOt: XffrMM 
U ^^-cm^>^bi--5IS^3l3Xfi4tCf2gc^R-T- 

b - c m^m^omm^o 
itmme] mm%xR «aLRtt*±«7c*w>* 
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<i:t)lIt^-5) : 28— 33%, B + C : 0. 9-1. 1% 

({HLB : 0.6-0. 9%T*£>9, C : 0. 15— 0. 3%T'fc 
S) , RtmU : T (mUTiiF e , XteF eMC o 
TfcS) ^*K*4Ma*«T*L, R2T14 (B, C) 

^^ttartMtt^R-T-B-cm 
[«*«7] R2T14 (b, c) £ffi<att^je* 

it: c/a (fcfcU c (iIE^ H e H(7)-^^^tt^(^(^^ 
70 375-1. 385T*> -55S*iS 6 (CfEScO R - T - B - C 

[W#*g8] lt%T*R : 28-33%, B + C:0.9- 
1.1% (IIIB : 0.6-0.9%T*&9 , C : 0. 15-0. 3%T' 

> M: 0.01—0.3% ({SLMfiCu, Al, G 
a, NbRTfMnfrbtj:Zm*bM1R£fr%&te< th 
lff*>5) AXmU : T (fllTliFeWCoffc 
9, Co : 0.5-5 %-Cfc£) <0^^«a**rWi"S 
if 6 X ft 7 tC|S«c^ R - T - B - C ^85*SflS^ 0 

[»#*B9] fifi%"CR (fflLRtt#±SH5cllf^ft 
20 < khinX'&Z) : 28-32%, B + C : 0. 9—1. 1% 

(filB : 0.6-0. 9%T'&«9, C : 0. 1 5— 0. 3%-Cfe 
-5) , RtflKSP : T ({ILTliF e , eRtfC o 

-CfeS) ©±**»a*«r*L, R2T14 (B, C) 
^*i^»^3e»tb : c/a (f:f:U c tt5E**0— # 

»"C*> *n - 375- 1 . 385-Cfc 5R-T-B- C ^jffitt 
liT'feot, HfjfER-T-B-C^^^COWiS 
fifefe«9<^^Bft3llS^0.3fil[%^T-Cfe»), 
^^JS^7.56Mg/m 3 £l±XtbZ>^ t S:W»tt5R- 
50 T-B-C^JSte«tf5Fo 

[IS^JllO] Sft%T*R (mbR(i#±«x;^^> 
/j:< <b t) 2IT$)0 TN d WD y Mii^ Dy 
$Wft^ s 0.3— 15%T*fc^) :28— 32%. B + C:0.9- 
1.1% m IB : 0. 6-0. 9%T'fc9 , C : 0. 15-0. 3%T* 
foZ>) , ^O 5 ^ : T ({IlTfiFe, XliFeMC 
o-T?fc5) (0***5Mft***b, R2T14 (B, 
C) ±^(D^^^Wc^t : c/a (ffi L c «IE*fi(^— W 

^CT'fc^) 375-1. 385tNfe5R-T-B— C^fifeg 
7.60Mg/m 3 WT'^aci: *#»tt5R-T-B-C 

[0001] 

imwcnm-rz&mftw] r-t-b-c^ 

(ffiLRfi*±*7C*<0'>ft< i t> ia-cfeo, T 
jo [0002 ] 
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m%:<D&m] Nd-Fe-B*j*««wH\ mmmtit 

[0003] Nd-Fe-B %tt»tt?47>tt«MH£«riK 

^Htl^o «fW»273133 

ZMi±$£1Sl d-F e -B*«H««^0«it*fe3ft s H^* 

i£^ffiBr\ i*^ft*^*/Mr— ^(BH)max, StfiSiV^ 
W^^iHc^rWi-^Nd-F e - BKttt&WSfrlHif 

C) fel^ffVV MMIbil^Nd-Fe-B^i 

[0 0 0 4] *f#P}^9- 1 7 6 7 7-^k*t3\ R (fi U 
RttYSrS-tr#±«5c*^*< £ fc litfe^) 12- 
18J^^%, B + C = 6-10J^F-% (flLB : 2 — 6jHfW- 
%, C : 4~8J^%-C£>6) s Be&5F e (ffl. L F e CO 

TV ^^atC-r«J50.03 — 10mm(O*«T% R U s/^ffl 

tt»>t*tt»*Lr»fc5iz*«[«10~500Mm©a 30 

t*»*«: ; e-/u KF^(c: ^^1.4-3.51^/^ 

U B8ffltfn-795.8kA/m (lOkOe) £X±.<Ds<;v>*Mm%:fr 

t4cOi"<^/cR- F e -B-C**^«^W»SriiJSi- 

1 7 6 7 7 ^>$gCO^ 1 1 CD^fi^HfiN d : 1 40 

2.m^%. Dy : 1.5W^-%, Co : 10J^%, B : 3. 
2J^F-%. C : 4.4JdT-%, RXfiF e : 68. (N 
d : 28. 2fift%, Dy : 3. 7£4%, Co :9.0M4%, 
B : 0. 5£fi%, C :0. 8Sft% N &U*Fe : 57. 9fift 

R2T14 (b, o ^mtmitzti-^-tK . tott 

{bid J: 9 R2T14 (B, C) £fStt^M£TU il 
?&(c*>^T£5£ LT350. 1kJ/m 3 (44MG0e) J^_bco (BH)ma 
xT'^ol. IMA/m (HkOe) J^±coiHc$r#^tL^V^r ^ # 
^ofc 0 50 
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[0 0 0 5] #ff^2739502#^#«, R — F e — B — 
CW^&m^ m LRr4YSr*tf*±*7C*^*< £ 

U ^ <Z>4*$fttf)# jgK&0»j£> R-Fe-B-C Zk^&m^ 
teMR-i&B-mcmi&Xfoiti*) , Xf;t{g;R-i£;B- 
^C«cot)^S 0 *#«4:*tf*Ui, 4*»IFJB2739 
502^$gcoH1g^J 1 tD^&ffiiSteNd : 18JS^%, F 
e : B : 1 JH^%, &t>*C : lOJifW^/o (N 

d : 38. 8Mft%, Fe : 59. 3fift%, B :0. 1fift°/ 0> 

&t>*c : 1. 8mfi%) x& v , iijfifiaj 1 1 (om&m.f&i* 

Nd : 10j^%, F e : 791^%, B : 1 Rtf 
C : 10J^% (N d : 24. F e : 73. 7fi»%, 

B :0.2**%. AVC :2.0fi&%) Sbl£# 

1kJ/m 3 (44MG0e) a±co (BH)maxT\ ^ol. IMA/m (14k0 
e) J^JicDiHc&ttkftfti^w t&t>frotc a 
[0 0 0 6] 

[0 0 0 7] 

^(DR-T-B-C^«BS«K^CDKie*ifett, It%T' 
R aiLRttf±g^iO / >^< ^ h imX-frZ) : 28 
—33%, B + C: 0.9-1.1% (fa L B : 0. 6-0. 9%T*£> 
19, C : 0. 15-0.3%T*£>£) , 2feT^SMa5 : T ({HUT 
ttFe, XfiFeWCoT'fc6) O^^H^^W 

R2T14 (b, o ts^r^te^-r^R-T-B- 
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aa6DL/tC*SR2 T i 4 B^fS* ^\Zk/v¥k V^Sti 

R2T14 (B, C) «^J;S««#ttO|«a±a*S:»3 

[0 0 0 8 ] X*»W<OR-T-B-C*J*«iK^» 

tliT'&5) :28-33%, B + C : 0. 9-1 . 1 % ({B L 
B : 0.6-0. 9%"Cfc?K C : 0. 15— 0. 3%-Cfo 3 ) , & 
IflKfifl : T (fiLTttFe, XliF e Rt/C o T'fcS) 

feKJ:9»@U R2T14 (B. C) ttBRUtR !) y 

*SlSfi«[S* s 3 — 20/i 05— 3 mmCQR - 

T-B-CM4«r», ^tcrO^^ffi^tb, fcV* 
^#IMM*#B«*T¥*&tt8 1 ~10/i m«»»#U 

[0 0 0 9] *ftW<OR - T - B - C ^i^K^il 

^^99.7—99. 99mft^ : 0.3M>.01fififflSi:*r5£/£fl2 
«c^IBlBjS^|fi]_h-f-^(75-r*#* L< , t>oTBr&0<(BH) 

A $ tt 5 C ft ^ if *: L T R j&s*±»BMfc* & M 
[0 0 10] *mW<DR-T-B-C7&%El£M&<Dm& 

ot*»WW#bH5 R - T - B - C ^jj£j£l8£&<OBr , 

60 

[0 0 11] *«W«R-T- B-C^MffiB^rt. a 

5) : 28-33%, B + C: 0.9-1.1% (fa L B : 0. 6— 
0.9%T*fe'9. C : 0. 15-0. 3%T*feS) , RlWMlS : T 
({ILTHFe, XfiF e&LKC CO±2£/#5} 
ttldcSrWU R2T14 (B. C) *BSr^ffii:-*-5-i 
*rW«ti-5. R - T - B - C *KtlSmTl:*i 
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^T, R 2 T 1 4 (B, C) ±ffi<Oft-7-5£ScJt; : c/a 
-1.375-1.385 (f:f:U c fijE*»<7>-(*»*tt*|fi] 
<aft^£»-C*> 9 , a nm<Q<D2m<D&*j£&'V&>Z>) 
(Ok Z\cm\<^BrRXf(BH)max&'&btiZ> 0 X^mWcDR 
-T-B-C^ffi|g^tC*5V>T, 11%T'R : 28-33 
%, B + C: 0.9-1.1% (ft LB : 0. 6-0. 9%T&9 , 
C : 0. 15-0.3%"C£>6) , M: 0.01—0.3% (fiLMfi 
Cu, Al, Ga, NbMMn^P)/jl5B^f)IR$ 
n5W<Hli-CfcS) XtflSSB : T O&LTttF 
/0 eS^Coffe^ Co :0. 5— 5 %-?$>£) <D±^f& 
»adc*Ji«i-6i:«ft«Ftt^, I<h£«=£rp)±T#5tf> 

[0012] X^^OR-T-B-C^^^fi, 
Sft%T*R (fa LRf**±S5cSi<0'>fr< £ fc lftfc 
5) : 28-32%, B + C : 0. 9—1. 1 % (ffiLB : 0. 6- 
C : 0. 15-0. 3%"C£> 6) , RXSm& : T 
(flLTttFe, XfiFe^^CoXfc?)) CD£^/&^ 

U R2T14 ( B , C) ±m<D&* fegclt : 
c/a (f:f:t, c ^IE^ h b b O-'^^^^<7)^ : ?-^ 
20 SrefctK a HSI9<0 2i20»^!»-Cfe5) ^1. 375 
— 1.385T*fe6R-T-B-C^^^^^T^oT, m 

bsr - t - b ~c^K«(Z)¥ffiifcfc 9 (D^mm 

mm&0. 3ii%l^TT'fc Q , a»o««#*«as7. 56Mg/ 

[0 0 1 3 ] X#^OR-T-B-C^^E£^fi, 
li%tR (m LRte^±tS5c9SO'>/j;< <b 1 2mx*&> 
otNdMDy^im, DytSta3~ 15 
: 28— 32%>, B + C:0.9-1.1% (IILB : 
0.6— 0. 9%T*&9, C : 0. 15— 0.3%-C#>5) , RXfB 
30 95 : T ({I. LTteF e , XttF e RV^C offc5) 

M»»«SrSL, R2T14 (B, C) ^SOtSfS 
»Jfc:c/a (ffl. L c i±IE^ B s s O— ttS^tt^r&IOfe-^ 

5— 1.385T'fe6R-T-B-C^^fe^^r*feoT. mj 

^0. 3II%WTTfc <9 , d»o«feJK**a[* s 7. 60Mg/m 3 

[0 0 14] &mW<DR-T-B--C%km&ffii^\Zio\,^ 
R^5)W^«^^«^MJLTR^^ 
^0 SAy^lftB^rttftL, R2T14 (B, C) ^tBit* 
Srfii^S*, t>oTBr\ (B^max^t^iHc^l^^^yc^ 

0. 18mS%J^T^-r50^£ L^, 
[0015] 

^oa*RRSa*S:KT*c:ttW-r 60 WT*C% t IEr 

[0 0 16] Rft^28— 33%##£ ft»ftW*tt 
«r*«BL. (BH) max »i 46 Sfc R ft (228-32% # 
50 J: L< % 28-31%^#tCff* Ll\ R*^28%* 
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R = Nd + Dy x Nd+Dy+Pr, Nd+Pr, Xfi 

(ItfW£) Dy**Stt0.3-10% 
tf>£F£L<, 0.5-8%Klh5O^J; LV\> Dy 

[0017] B&xfcte&mTtmx'Zbv % (b + c) a 

teO.9-1. L< , 0.95-1. 1%*sj; 9#£ L 

V\ BAteO. 6-0.9%#J&£ L< , 0.65— 0.85%/^ J; 9 
CftteO. 15-0. 3%#^£ L< x 0.18-0.28 
J: 9 L v \ B *aso. 6%*«ro ttfc c S^s 

£/&£{4^\ Br&tfiHcas*#<©T-f-3o XBfi^O. 9 

Wm^nmt LX»ffi£tiZ<DXBrRXf\Hctf±Z < 
{gfPT<5 0 Ci^0.15%*«t?|j:R2Ti4 ( B , C) 
m<n±J&m&i&'Pte<DX'R2 T i 4 (B, C) fgtcj;£ 

«*wttift±a*«r*n±#&n-r, o.3%«-eii3ttiiL 

tt^*SS[(-®T-r5o SP^. -hfBWfe (B + C) *i&gB 
CD<t£lCR 2 Ti4 (B, C) tS^iffitltML, 

[0018] Cu, Al, Ga, Nb&U^Mn^iS 
Pa>kii^£;ft,5'>#< £ l^co^c^M^O.01-0.3 

3iST#«„ A 1 £0.01 — 0. 3%**-rs;i 5 iHc^ 

3%^T^iBrO{g;T^^^^«9> 0. 01 %*J«-C«:iHc& 

**S«0.05-0.3%-Cfc^ o G a £0. 01 -0. 3%**-f 
5r irlcfc 9 iHcdSSH^c|Si±.i-5*5, G a ^*fl;^0.3 
%«-CfiBrcoffi:T^^:# < * 0 , 0. 01%*S8-OteiHc£ 
ffi#5#!i*£:*#£;h,&v\, <fc U^Ga***J±0. 
05-0. 3%-C£>£ 0 C u £0. 01-0. 3%^tt§^ t-cfc 

9i^f£&WHc^fa±ir£;^ c u**r*aso.3%jg-c 

ttBr^fST^S*^**? , 0.01%*»"Ctt»*ttatJ 8 iH 
^0. 05— 0.3%T-&6o 

[0 0 19] Co$r0.5-5%**i-a^i:tcJ:«9iiitA 

-r§ 0 l?&> l c o tttis 5 %gr*f 

Fe-CoW^L, Br&t/iHc^*# <{STi-<5 0 

-rS^J^^#e>tx^l\ XCoa5-5%MCu^ 
0.01— Q.3%<£&-tZ>t$ia. IMA/m (HkOe) J^_b<7)^ 
iawiHc£*#ib*i5Sl2 ftfR^safi A Off^tt ES tf> £& a> 
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[0 0 2 0] ^ pfJ|^**ixS»**ttO. 3%JEJlTas# 
£L<, 0.2%J^T^J: L< , 0.18%£JLT3ft5Wd 

#*LU\, K3fl***«r0.3%«T(ce«-r5w^(c:j: 

9R2TM (b, o ±ttJt**si**?>, «sns»*at 

T350. 1kJ/m 3 (44MG0e) £X±<D (BH)maxT% ^ol. IMA/m 

(14k0e) ^±<DiHc£2c5£LT#Sr i*ST#5 0 
**«fi«X.fiNd - P r - T-B-C^*jy&a^T7. 
56Mg/m 3 EJLbf-ftQ , Nd-Dy-T-B-ClSfel 
70 ^"C7. 60Mg/m 3 ^_L^/^^ 0 Xft#fc»fttt,RW*i^« 
«H#ttSr*<Bi--5fei?)«c, ^^Tiffi^**4x^^*^0. 
15%^Ttci-5(7>*s»* L< , 0.002-0. 15%fC-r&<7> 
IA\ a**^0. 15%£j@*5£Br<£>ig;Ta s 

[0 0 2 1 ] *^g^^R-T-B-C*«5Je^JifiSJx. 

LfcR-T-B-C m^^m^m^ -^Xlil d - 
y^&iCj; 19 * h y jy:/*** h U t£J¥ : 0.05- 3 mm 

o$it^oR 2 Ti4 (b, o =feffit»iiwttR y 3/ 

20 ^fg £ d»e>*Kfti^ & 5 R - T - B - C&<&&&nz> 0 
rco^^^coR 2 T 1 4 (B, C) ±tSCO^|*^T^]CO^ 
^&nW^3^20n mf£i£T'£>*9 . a FeOftl>«l 
r*fe«9, t)oT|V«i|tOR-T-B-CSft8i 

fs-t* ^ ^800-1 1 oot: x 0. 5-1 om mfom-t z> 

^co^^^^-r--^ 0 ^^ 19 , BrStK(BH)maxSrBi 
*6^i:m6o &*5, tt*aa*fl i 3ftS8O0 , CxO.5l*IB 
^T-n^Sco^j^r^m^ b*Vf , 1 100T: x 10f$fflj@ 

R-T-B -C^^#^<OCfi±H^iC^«9^*tLTV> 

5 0 -ttttR-T-B~cai'&A<z>**pfi«^p>a[«a^ 

fft^n^ttS^-C^iSSTR 2 T 1 4 C^SSl^MtS 

800T:-iioo o C(7)ra^^c^sr, c^r 2 t. 4 Bts 
-T-B*^A*»**c:a[*ocS:«Fft*-frSt, R2 

T14 (b, o ffiastoRStL, *v^*«c«Ftt«r3sa-*- 

«x.tf»*»S*«0. «t U< fiO.01 

tfSyoKTW^IStt^^Si^tt^Wi l -10/i m 

50 -jb-r^o »cv^"x?«iE^7 y— 
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1 ^ 10/4 m*S»* L< , 3-^6/*m*sj:9#* 
Ll\ ¥*Mfc«as l ^ m*WTI±»»S(j*^*# <«T 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high performance R-T-B-C based 
sintered magnet (wherein R is at least one rare earth element; and T is Fe, or Fe 
and Co), and a production method therefor. 

SOLUTION: An R-T-B-C based alloy having the main componential composition 
of, by weight, 28 to 33% R (wherein R is at least one rare earth element) and 0.9 
to 1.1% B+C (wherein the content of B is 0.6 to 0.9%, and the content of C is 
0.15 to 0.3) and the balance T (wherein T is Fe, or Fe and Co) and having a main 
phase consisting of an R2T14 (B, C) phase is pulverized. The obtained fine 
powder is recovered into a nonoxidizing solution consisting of oil such as mineral 
oil and at least one kind of lubricant selected from the monovalent alcohol ester 
of a polybasic acid, the fatty acid ester of polyhydric alcohol, and their 
derivatives, and is then subjected to forming, degreasing, sintering, and heat 
treatment. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, R (however, R is at least one sort of rare earth 
elements):28 - 33%, B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), And the remainder : It has the major component presentation of T 
(however, T is Fe, or Fe and Co). At least one sort of oils which pulverize the R- 
T-B-C system alloy which makes the main phase R2T14 (B, C) phase in mean 
particle diameter of 1-10 micrometers in a non-oxidizing atmosphere, and are 
chosen from mineral oil, synthetic oil, and vegetable oil in the obtained fines, It 
collects and slurs in the non-oxidizing quality liquid which consists of at least one 
sort of lubricant chosen from the monohydric alcohol ester of polybasic acid, the 



fatty acid ester of polyhydric alcohol, and those derivatives. Subsequently, the 
manufacture approach of the R-T-B-C system sintered magnet characterized by 
fabricating said slurry, and deoiling, sintering and heat-treating the acquired 
Plastic solid. 

[Claim 2] the mixing ratio of at least one sort of oils chosen from mineral oil, 
synthetic oil, and vegetable oil, and at least one sort of lubricant chosen from the 
monohydric alcohol ester of polybasic acid, the fatty acid ester of polyhydric 
alcohol, and those derivatives - the manufacture approach of a R-T-B-C system 
sintered magnet according to claim 1 that a rate is the 99.7-99.99 weight 
section:0.3 - 0.01 weight section. 

[Claim 3] By weight %, R (however, R is at least one sort of rare earth 
elements):28 - 33%, B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), And the remainder : The alloy molten metal which has the major 
component presentation of T (however, T is Fe, or Fe and Co) is solidified by the 
strip cast method. The R-T-B-C system alloy which is 0.05-3mm of board 
thickness whose diameter of average crystal grain of the direction of a minor axis 
of said main phase is 3-20 micrometers while becoming substantial is obtained 
from the R2T 14 (B, C) main phase and R rich phase. Next, at least one sort of 
oils which coarse-powder-ize this alloy, pulverize in a non-oxidizing atmosphere 
subsequently to the mean particle diameter of 1-10 micrometers, and are chosen 
from mineral oil, synthetic oil, and vegetable oil in the obtained fines, It collects 
and slurs in the non-oxidizing quality liquid which consists of at least one sort of 
lubricant chosen from the monohydric alcohol ester of polybasic acid, the fatty 
acid ester of polyhydric alcohol, and those derivatives. Subsequently, the 
manufacture approach of the R-T-B-C system sintered magnet characterized by 
fabricating said slurry, and deoiling, sintering and heat-treating the acquired 
Plastic solid. 

[Claim 4] the mixing ratio of at least one sort of oils chosen from mineral oil, 
synthetic oil, and vegetable oil, and at least one sort of lubricant chosen from the 
monohydric alcohol ester of polybasic acid, the fatty acid ester of polyhydric 



alcohol, and those derivatives - the manufacture approach of a R-T-B-C system 
sintered magnet according to claim 3 that a rate is the 99.7-99.99 weight 
section:0.3 - 0.01 weight section. 

[Claim 5] The manufacture approach of the R-T-B-C system sintered magnet 
according to claim 3 or 4 which heat-treats the R-T-B-C system alloy which 
solidified by the strip cast method and was obtained at 800-1 100 degrees C, and 
subsequently coarse-powder-izes it. 

[Claim 6] The R-T-B-C system sintered magnet characterized by having the 
major component presentation of R (however, R is at least one sort of rare earth 
elements):28 - 33%, B+C:0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), and remainders (however, T is Fe, or Fe and Co) by weight %, and 
making R2T14 (B, C) phase into the main phase. 

[Claim 7] The lattice-constant ratio of the R2T 14 (B, C) main phase: The R-T-B- 
C system sintered magnet according to claim 6 whose c/a (however, c is the 
lattice constant of the direction of uniaxial anisotropy of ******, and a is the 
remaining lattice constants of two sides) is 1.375-1.385. 

[Claim 8] They are R:28 - 33%, and B+C:0.9-1.1% (however, it is B:0.6 - 0.9%) at 
weight %. M:0.01 - 0.3% (however, M is at least one sort chosen from the group 
which consists of Cu, aluminum, Ga, Nb, and Mn) and remainders (however, T 
is Fe and Co) which are C:0.15 - 0.3% Co: The R-T-B-C system sintered magnet 
according to claim 6 or 7 which has the major component presentation of being 
0.5-5%. 

[Claim 9] By weight %, R (however, R is at least one sort of rare earth 
elements):28 - 32%, B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), And the remainder : It has the major component presentation of T 
(however, T is Fe, or Fe and Co). The lattice-constant ratio of the R2T 14 (B, C) 
main phase: c/a (however, c is the lattice constant of the direction of uniaxial 
anisotropy of ******) it is the R-T-B-C system sintered magnet which are 1 .375- 
1 .385. a - the remaining lattice constants of two sides - it is - The R-T-B-C 
system sintered magnet characterized by for the amount of content oxygen per 



unit weight of said R-T-B-C system sintered magnet being 0.3 or less % of the 
weight, and sintered compact consistencies being three or more 7.56 Mg/m. 
[Claim 10] It is R (however, R is at least two sorts of rare earth elements, and 
contains Nd and Dy indispensable) at weight %. Dy content is 0.3 - 15% - :28- 
32% and B+C:0.9-1.1% (however, it is B:0.6 - 0.9%) And it is C:0.15 - 0.3%, it 
has the major component presentation of remaindenT (however, T is Fe, or Fe 
and Co). The lattice-constant ratio of the R2T 14 (B, C) main phase: c/a 
(however, c is the lattice constant of the direction of uniaxial anisotropy of ******) 
It is the R-T-B-C system sintered magnet which are 1 .375-1 .385. a - the 
remaining lattice constants of two sides - it is - The R-T-B-C system sintered 
magnet characterized by for the amount of content oxygen per unit weight of said 
rare earth sintered magnet being 0.3 or less % of the weight, and sintered 
compact consistencies being three or more 7.60 Mg/m. 

[Translation done.] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the sintered magnet which 



consists of a R-T-B-C system alloy (however, R is at least one sort of rare earth 
elements, and T is Fe, or Fe and Co), and its manufacture approach. 
[0002] 

[Description of the Prior Art] A Nd-Fe-B system sintered magnet carries out 
coarse grinding of the Nd-Fe-B system alloy of a predetermined presentation, is 
manufactured by pulverizing, fabricating impalpable powder with a mean particle 
diameter of 1-10 micrometers obtained among a magnetic field, sintering it, and 
subsequently, heat-treating it in the inert gas of N2 grade, and is used 
abundantly in the various magnet application product fields. 
[0003] In order to raise the magnetic properties of a Nd-Fe-B system sintered 
magnet, it is supposed that the thing low as much as possible of the content of C 
which is generally an unescapable impurity element is good. The manufacture 
approach of the high performance Nd-Fe-B system sintered magnet which mixes 
and slurs the raw material impalpable powder for Nd-Fe-B system sintered 
magnets, mineral oil, or synthetic oil in the patent No. 2731337 official report, 
subsequently carries out a wet compaction to it, and deoils, sinters and heat- 
treats the acquired Plastic solid is indicated. While an oxygen content is notably 
reduced compared with the former according to this approach, a degree of 
sintering can improve, and the high residual magnetic flux density Br, high 
maximum energy product (BH) max, and the Nd-Fe-B system sintered magnet 
that has the high proper coercive force iHc can be manufactured. These high 
magnetic properties perform deoiling (deC) processing before sintering so that 
the above-mentioned oil may not remain as muchias possible in a Plastic solid, 
and they are attained by reducing C content of the Nd-Fe-B system sintered 
magnet finally obtained to 0.1 or less % of the weight. 
[0004] JP,9-17677,A 12 to R(however, R is at least one sort of rare earth 
elements containing Y)18 atom %, Six to B+C=10 atom % (however, they are B:2 
to 6 atom %, and C:4 to 8 atom %), The alloy molten metal which consists of the 
remainder Fe (however, the one section of Fe can be permuted in one sort of Co 
and nickel, or two sorts), and an unescapable impurity by the strip casting 



method with sheet metal of 0.03-1 Omm of board thickness After casting to the 
cast piece which has the organization which R rich phase divided into 10 
micrometers or less minutely, Into coarse-grinding powder with an average grain 
size of 10-500 micrometers which carried out coarse grinding of this cast piece, 
and obtained it, carry out addition mixing 0.02 to 5.0% of the weight, and a fluid 
lubrication agent or solid lubricant is pulverized. It is filled up with impalpable 
powder with a mean particle diameter of 1-10 micrometers obtained in mold at 
pack density 1 .4 - 3.5 Mg/m3. Shaping behind orientation, sintering, and the 
method of manufacturing the R-Fe-B-C system permanent magnet ingredient 
which was excellent in corrosion resistance by carrying out aging treatment are 
indicated applying the pulse magnetic field more than 795.8 kA/m (10kOe) 
momentarily. However, a presentation differs from the sintered magnet of this 
invention in respect of the high C content [ ingredient / this / permanent magnet ] 
C:4 to 8 atom %. If an example is given, the permanent magnet of the 
presentation 1 of Table 1 of JP,9-17677,A has the presentation of Nd: 12.8 
atom %, Dy:1.5 atom %, Co:10 atom %, B:3.2 atom %, C:4.4 atom %, and 
Fe:68.1 atom % (Nd:28.2 % of the weight, Dy:3.7 % of the weight, Co:9.0 % of 
the weight, B:0.5 % of the weight, C:0.8 % of the weight, and Fe:57.9 % of the 
weight). Moreover, it oxidizes, is easy, it has and the R2T from examination of 
this invention persons 14 (B, C) main phase is oxidation. It turned out that the 
rate of the R2T 14 (B, C) main phase ratio falls, and it is stabilized in a room 
temperature, and it is (BH) max more than 350.1 kJ/m3 (44MGOe), and iHc more 
than 1.1 MA/m (14kOe) cannot be obtained. 

[0005] In the R-Fe-B-C system alloy magnet (however, R is at least one sort of 
the rare earth elements containing Y), as for the patent No. 2739502 official 
report, each of the magnetic crystal grain of this alloy is covered by the oxidation- 
resistant protective coat, and this oxidation-resistant protective coat is indicating 
the outstanding thing of the oxidation resistance that 0.1-16 atom % of whose is 
C on the parenchyma of the alloy element which constitutes this magnetic crystal 
grain, including all. However, as compared with the sintered magnet of this 



invention, the R-Fe-B-C system alloy magnet of each example of this official 
report is a high R-low B-quantity C presentation, or is the thing of a low R-low B- 
quantity C presentation. If an example is given, the magnet presentation of the 
example 1 of the patent No. 2739502 official report Nd:18 atom %, Fe:71 atom %, 
B:1 atom %, and C:10 atom % (Nd: - 38.8% of the weight) They are Fe:59.3 % 
of the weight, B:0.1 % of the weight, and C:1.8 % of the weight. The magnet 
presentations of an example 11 are Nd:10 atom %, Fe:79 atom %, B:1 atom %, 
and C:10 atom % (Nd:24.1 % of the weight, Fe:73.7 % of the weight, B:0.2 % of 
the weight, and C:2.0 % of the weight). The magnetic properties furthermore 
acquired were very low, and when these presentations were chosen from 
examination of this invention persons, in a room temperature, it is (BH) max more 
than 350.1 kJ/m3 (44MGOe), and it turned out that iHc more than 1.1 MA 
(14kOe)/m cannot be obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, even if the technical 
problem which this invention tends to solve is the high C content mold which 
contained C of the specified quantity as a major component, it is offering the R-T- 
B-C system sintered magnet (however, R's being at least one sort of rare earth 
elements, and T's being Fe, or Fe and Co) which has high magnetic properties, 
and its manufacture approach. 
[0007] 

[Means for Solving the Problem] The manufacture approach of the R-T-B-C 
system sintered magnet of this invention which solved the above-mentioned 
technical problem By weight %, R (however, R is at least one sort of rare earth 
elements):28 - 33%, B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), And the remainder : It has the major component presentation of T 
(however, T is Fe, or Fe and Co). At least one sort of oils which pulverize the R- 
T-B-C system alloy which makes the main phase R2T14 (B, C) phase in mean 
particle diameter of 1-10 micrometers in a non-oxidizing atmosphere, and are 
chosen from mineral oil, synthetic oil, and vegetable oil in the obtained fines, It 



collects and slurs in the non-oxidizing quality liquid which consists of at least one 
sort of lubricant chosen from the monohydric alcohol ester of polybasic acid, the 
fatty acid ester of polyhydric alcohol, and those derivatives. Subsequently, it is 
characterized by fabricating said slurry, and deoiling, sintering and heat-treating 
the acquired Plastic solid. On the occasion of manufacture of the R-T-B-C 
system sintered magnet of this invention, it is necessary to make the addition 
stage of C into the phase the dissolution phase of an alloy, or before the 
dissolution (for C of the specified quantity to be made to contain beforehand in 
the raw material for the dissolution). After this reason's ingoting the R-T-B system 
alloy which makes the main phase the R2T14 B phase containing C of 
unescapable impurity level, for example, in the sintered magnet which adds C of 
the specified quantity in forms, such as carbon black, at the time of coarse 
grinding or pulverizing, subsequently fabricates among a magnetic field, and 
sinters, and it comes to heat-treat It is because the inclination for C added at the 
time of coarse grinding or pulverizing to hardly be taken in into the R2T14B main 
phase, but for C to be condensed in R rich phase is remarkable and the 
improvement effectiveness of the magnetic properties by R2T14 (B, C) phase 
cannot be expected. 

[0008] Moreover, the manufacture approach of the R-T-B-C system sintered 
magnet of this invention By weight %, R (however, R is at least one sort of rare 
earth elements):28 - 33%, B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is 
C:0.15 - 0.3%), And the remainder : The alloy molten metal which has the major 
component presentation of T (however, T is Fe, or Fe and Co) is solidified by the 
strip cast method. The R-T-B-C system alloy which is 0.05-3mm of board 
thickness whose diameter of average crystal grain of the direction of a minor axis 
of said main phase is 3-20 micrometers while becoming substantial is obtained 
from the R2T 14 (B, C) main phase and R rich phase. Next, at least one sort of 
oils which coarse-powder-ize this alloy, pulverize in a non-oxidizing atmosphere 
subsequently to the mean particle diameter of 1-10 micrometers, and are chosen 
from mineral oil, synthetic oil, and vegetable oil in the obtained fines, It collects 



and slurs in the non-oxidizing quality liquid which consists of at least one sort of 
lubricant chosen from the monohydric alcohol ester of polybasic acid, the fatty 
acid ester of polyhydric alcohol, and those derivatives. Subsequently, it is 
characterized by fabricating said slurry, and deoiling, sintering and heat-treating 
the acquired Plastic solid. 

[0009] the mixing ratio of at least one sort of oils chosen from mineral oil, 
synthetic oil, and vegetable oil in the manufacture approach of the R-T-B-C 
system sintered magnet of this invention, and at least one sort of lubricant 
chosen from the monohydric alcohol ester of polybasic acid, the fatty acid ester 
of polyhydric alcohol, and those derivatives - since the amount of preferred 
orientation of a Plastic solid will improve if a rate is made into the 99.7-99.99 
weight section:0.3 - 0.01 weight section, it is desirable, and it has and Br and 
(BH) max improve. If a mixed ratio separates from said specific range, the 
improvement effectiveness in the amount of preferred orientation of a Plastic 
solid cannot be acquired, or R forms rare earth carbide by the amount of C 
supplied to a grain boundary phase increasing, and poor sintering is invited. 
[0010] Br of the R-T-B-C system sintered magnet which becomes the sharp fines 
of the diameter distribution of a grain which heat-treat the R-T-B-C system alloy 
obtained by carrying out the strip cast in the manufacture approach of the R-T-B- 
C system sintered magnet of this invention at 800-1 100 degrees C in a 
substantial vacuum or an inert gas ambient atmosphere, subsequently coarse- 
powder-ize it, and pulverize it, has, and is finally obtained, (BH) max, and the 
square shape nature of a demagnetization curve can be improved. 
[0011] The R-T-B-C system sintered magnet of this invention has the major 
component presentation of R (however, R is at least one sort of rare earth 
elements):28 - 33%, B+C:0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 
0.3%), and remainders (however, T is Fe, or Fe and Co) by weight %, and is 
characterized by making R2T14 (B, C) phase into the main phase, the R-T-B-C 
system sintered magnet of this invention -- setting - the lattice constant ratio of 
the R2T 14 (B, C) main phase high Br and high (BH) max can be obtained at 



the time of :c/a=1 .375-1 .385 (however, c is the lattice constant of the direction of 
uniaxial anisotropy of ******, and a is the remaining lattice constants of two sides). 
Moreover, it sets to the R-T-B-C system sintered magnet of this invention, and 
they are R:28 - 33%, and B+C:0.9-1.1% (however, it is B:0.6 - 0.9%) at weight %. 
M:0.01 - 0.3% (however, M is at least one sort chosen from the group which 
consists of Cu, aluminum, Ga, Nb, and Mn) and remainders (however, T is Fe 
and Co) which are C:0.15 - 0.3% Co: Since magnetic properties and corrosion 
resistance can be improved if the major component presentation of being 0.5-5% 
is chosen, it is desirable. 

[0012] The R-T-B-C system sintered magnet of this invention by weight % 
Moreover, R (however, R is at least one sort of rare earth elements) :28 - 32%, 
B+C: 0.9-1.1% (however, it is B:0.6 - 0.9%, and is C:0.15 - 0.3%), And the 
remainder : It has the major component presentation of T (however, T is Fe, or 
Fe and Co). The lattice-constant ratio of the R2T 14 (B, C) main phase: c/a 
(however, c is the lattice constant of the direction of uniaxial anisotropy of ******) 
a - the remaining lattice constants of two sides - it is - it is characterized by 
being the R-T-B-C system sintered magnet which are 1 .375-1 .385, and for the 
amount of content oxygen per unit weight of said R-T-B-C system sintered 
magnet being 0.3 or less % of the weight, and sintered compact consistencies 
being three or more 7.56 Mg/m. 

[0013] Moreover, the R-T-B-C system sintered magnet of this invention is R 
(however, R is at least two sorts of rare earth elements, and contains Nd and Dy 
indispensable) at weight %. Dy content is 0.3 - 15% - :28-32% and B+C:0.9- 
1.1% (however, it is B:0.6 - 0.9%) And it is C:0.15 - 0.3%, it has the major 
component presentation of remainder^ (however, T is Fe, or Fe and Co). The 
lattice-constant ratio of the R2T 14 (B, C) main phase: c/a (however, c is the 
lattice constant of the direction of uniaxial anisotropy of ******) a - the remaining 
lattice constants of two sides - it is - it is characterized by for the amount of 
oxygen which is the R-T-B-C system sintered magnet which are 1 .375-1 .385, 
and is contained in per unit weight of said rare earth sintered magnet being 0.3 or 



less % of the weight, and sintered compact consistencies being three or more 
7.60 Mg/m. 

[0014] the grain boundary phase which controlled oxide-izing and carbide-izing of 
R component, and was rich in R component in the R-T-B-C system sintered 
magnet of this invention - securing - the rate of the R2T 14 (B, C) main phase 
ratio - as much as possible - height - having - Br and (BH) - in order to raise 
max and iHc, it is more desirable to **** the amount of content oxygen to 0.2 or 
less % of the weight, and it is still more desirable to carry out to 0.18 or less % of 
the weight. 
[0015] 

[Embodiment of the Invention] The reason for presentation limitation of the R-T- 
B-C system sintered magnet of this invention is explained below. Only describing 
it as % below shall mean weight %. 

[0016] 28 - 33% of the amount of R is desirable. In order to provide good 
corrosion resistance and to raise (BH) max, 28 - 32% of the amount of R is more 
desirable, and is desirable. [ especially 28 - 31% of ] iHc to which the amount of 
R is equal to practical use at less than 28% cannot be obtained, but the fall of Br 
and (BH) max becomes remarkable by ** 33%. Except for an unescapable R 
component, the practicality in R=Nd+Dy, Nd+Dy+Pr, Nd+Pr, or Pr+Dy is high. In 
order to give the coercive force (thermal resistance) which is equal to practical 
use, 0.3 - 10% of Dy content is desirable, and it is more desirable to make it to 
0.5 - 8%. Dy content cannot acquire the improvement effectiveness of coercive 
force at less than 0.3%, but Br and (BH) max fall greatly by ** 10%. 
[0017] B and C are essential elements, and 0.9 - 1.1% of an amount (B+C) is 
desirable, and is more desirable. [ 0.95 - 1 .1% of ] 0.6 - 0.9% of the amount of B 
is desirable, and is more desirable. [ 0.65 - 0.85% of ] 0.15 - 0.3% of the amount 
of C is desirable, and is more desirable. [ 0.18 - 0.28% of ] At less than 0.6%, Br 
and iHc fall [ the amount of B / the amount of C ] greatly with generation of 
R2Fe17 intermetallic compound also in specific above-mentioned content within 
the limits. Moreover, room for C to almost enter [ the amount of B ] into the main 



phase by ** 0.9% is lost, and since it is condensed by the grain boundary phase 
as an impurity, Br and iHc fall greatly. Since too little [ at less than 0.15% / the 
amount of generation of R2T14 (B, C) phase ], the amount of C cannot acquire 
the improvement effectiveness in magnetic properties by R2T14 (B, C) phase as 
a matter of fact, but by **, C is condensed by the grain boundary phase 0.3%, 
and while inviting poor sintering, magnetic properties fall rapidly. That is, the high 
magnetic properties which R2T14 (B, C) phase generated as a main phase, had 
at the time of the above-mentioned amount range of specification (B+C), and 
were not acquired in the conventional high C content mold Nd-Fe-B sintered 
magnet can be acquired. 

[0018] Magnetic properties and corrosion resistance can be raised by containing 
at least one sort of elements M chosen from the group which consists of Cu, 
aluminum, Ga, Nb, and Mn 0.01 to 0.3%. By containing aluminum 0.01 to 0.3%, 
iHc improves and corrosion resistance is improved. However, by **, the fall of Br 
becomes remarkable 0.3%, and aluminum content cannot acquire the 
effectiveness which raises iHc and corrosion resistance at less than 0.01%. More 
desirable aluminum content is 0.05 - 0.3%. Although iHc improves notably by 
containing Ga 0.01 to 0.3%, by **, the fall of Br becomes large 0.3%, and Ga 
content cannot acquire the effectiveness which raises iHc at less than 0.01%. 
More desirable Ga content is 0.05 - 0.3%. Although corrosion resistance and iHc 
improve by containing Cu 0.01 to 0.3%, by **, the fall of Br becomes remarkable 
0.3%, and Cu content cannot acquire the effectiveness which raises corrosion 
resistance and iHc at less than 0.01%. More desirable Cu content is 0.05 - 0.3%. 
[0019] By containing Co 0.5 to 5%, corrosion resistance improves, the Curie 
point goes up and has and thermal resistance improves. However, a Fe-Co 
phase with Co content harmful to magnetic properties in 5% ** generates, and Br 
and iHc fall greatly. Moreover, Co content cannot acquire the effectiveness of 
improving corrosion resistance and thermal resistance, at less than 0.5%. 
Moreover, when 0.5 - 5% and Cu are contained for Co 0.01 to 0.3%, the 
effectiveness that the tolerance of the second heat treatment temperature which 



can obtain iHc of the room temperature more than 1.1 MA/m (14kOe) spreads 
can be acquired, and it is especially desirable. 

[0020] 0.3% or less of the amount of oxygen contained impossibly is desirable, is 
more desirable, and is desirable. [ especially 0.18% or less of ] [ 0.2% or less of ] 
As a result of the rate of the R2T 14 (B, C) main phase ratio increasing and being 
able to raise a sintered compact consistency to abbreviation theoretical density 
by reducing an oxygen content to 0.3% or less, in a room temperature, it is (BH) 
max more than 350.1 kJ/m3 (44MGOe), and it is stabilized and iHc more than 1.1 
MA/m (14kOe) can be obtained. A sintered compact consistency becomes three 
or more 7.56 Mg/m for example, with a Nd-Pr-T-B-C system sintered magnet, 
and becomes three or more 7.60 Mg/m with a Nd-Dy-T-B-C system sintered 
magnet. Moreover, since good corrosion resistance and high magnetic properties 
are provided, it is desirable to make nitrogen volume contained impossibly 0.15% 
or less, and it is more desirable to make it to 0.002 - 0.15%. The fall of Br will 
become remarkable if nitrogen volume exceeds 0.15%. 

[0021] The R-T-B-C system sintered magnet of this invention is the following, and 
can be made and manufactured. First, the strip cast of the R-T-B-C system alloy 
molten metal adjusted to the predetermined presentation is carried out by the 
single rolling method or the congruence rolling method, it is board thickness:0.05- 
3mm sheet metal, and the R-T-B-C system alloy which becomes substantial is 
obtained from the R2T 14 (B, C) main phase and detailed R rich phase. It is 
about 3-20 micrometers, and the diameter of average crystal grain of the 
direction of a minor axis of the R2T 14 (B, C) main phase in this alloy is an 
organization without alphaFe, and it can have it and it can obtain the R-T-B-C 
system sintered magnet of high magnetic properties. It is desirable to perform 
heat treatment which heats said sheet metal alloy in an inert gas ambient 
atmosphere for 800-1 100 degree-Cx 0.5 to 10 hours if needed. By this heat 
treatment, the particle size distribution of pulverizing powder becomes Sharp, 
and can raise Br and (BH) max. In addition, the effectiveness of heat treatment of 
heat treatment conditions less than [ 800 degree-Cx0.5 hour ] is not accepted, 



but problems, such as a presentation gap by oxidation, are produced in ** for 
1 100 degree-Cx 10 hours. C in said sheet metal-like R-T-B-C system alloy is 
incorporated in the main phase. This is because C is incorporated in R2T14 B 
phase through the 800 degrees C - 1 100 degrees C temperature field which 
R2T14C forms in stability a process until it is cooled by the room temperature 
from the melting temperature of a R-T-B-C system alloy. That is, if B makes C of 
optimum dose exist by stoichiometric composition contrast of R2T14B in the R-T- 
B system alloy molten metal adjusted to the presentation which run short a little, 
R2T14 (B, C) phase will be generated, and it will be thought that high magnetic 
properties are discovered. Next, occlusion of the hydrogen is carried out to said 
sheet metal-like R-T-B-C system alloy, spontaneous disintegration is carried out, 
and this is coarse-powder-ized after performing dehydrogenation treatment 
subsequently. Subsequently, it pulverizes. With the jet mill which uses inert gas 
as tumbling media, an oxygen density pulverizes pulverizing in mean particle 
diameter of 1-10 micrometers in the inert gas ambient atmosphere below 0.01 
volume % more preferably under 0.1 volume %. In this way, the obtained fines 
are collected and slurred in the non-oxidizing quality liquid which consists of at 
least one sort of oils chosen from mineral oil, synthetic oil, and vegetable oil, and 
at least one sort of lubricant chosen from the monohydric alcohol ester of 
polybasic acid, the fatty acid ester of polyhydric alcohol, and those derivatives. 
Subsequently, said slurry is fabricated among a magnetic field, and the acquired 
Plastic solid is deoiled, sintered and heat-treated. The mean particle diameter of 
said fines has desirable 1-10 micrometers, and its 3-6 micrometers are more 
desirable. By less than 1 micrometer, the efficiency of comminution falls [ mean 
particle diameter ] greatly, and the fall of iHc and Br becomes remarkable in 10- 
micrometer **. In order to prevent degradation of the magnetic properties by 
oxidation of a Plastic solid, it is desirable to save a Plastic solid in said oil from 
immediately after shaping to deoiling. If the temperature up of the Plastic solid is 
rapidly carried out from a room temperature to sintering temperature, the internal 
temperature of a Plastic solid rises rapidly, the oil which remains to a Plastic solid, 



and the rare earth elements which constitute a Plastic solid will react, rare earth 
carbide will be generated, and magnetic properties will deteriorate. It is desirable 
to perform deoiling processing heated more than for 30 minutes with the 
temperature of 100-500 degrees C and below the degree of vacuum of 13.3Pa 
(10-1Torr) as this cure. The oil in a Plastic solid is fully removed by deoiling 
processing. In addition, as long as it is 100-500 degrees C, whenever [ stoving 
temperature / of deoiling processing ] does not need to be one point, and two or 
more points are sufficient as it. Moreover, it can deoil efficiently also by 
performing deoiling processing which makes the following hereafter the 
programming rate from a room temperature to 500 degrees C by 5-degree- 
C/more preferably by 10-degree-C/below by 13.3Pa (10-1Torr). A thing 350 
degrees C or less has a point to the good point of deoiling and a moldability 
distillling fractionally as mineral oil, synthetic oil, or vegetable oil. Moreover, the 
thing of 10 or less cSts has the good kinematic viscosity of a room temperature, 
and the thing of 5 or less cSts is still more desirable. 
[0022] If an X diffraction is carried out in 2theta=30-50 degree by law 2 
theta/theta by making CuK alpha rays into a line source to the R-T-B-C system 
sintered magnet of this invention, the strong X diffraction peak from a field (105) 
and a field (006) can be acquired. Spacing d (d= X-ray wavelength/(2sine)) and 
indices of crystal plane for which it asked from these two x line diffraction peak 
location (2theta) can be substituted for a formula (1), and it can ask for the lattice 
constants a and c of R2T14 B phase (tetragonal phase). 
1/d2=(h2+k2)/a2+l2/c2 (1) 
[0023] 

[Example] Hereafter, this invention is not limited by these examples although an 
example explains this invention to a detail. 

By weight %, it has the major component presentation of Nd:23.90%, Pr:6.60%, 
B:0.80%, C:0.18%, Co:2.00%, Ga:0.10%, Cu:0.10%, and remainder:Fe. 
(Example 1) The diameter of average crystal grain of about 0.3mm of board 
thickness and the direction of a minor axis coarse-powder-ized the strip cast alloy 



which is 3 micrometers, and carried out jet mill pulverizing in the nitrogen-gas- 
atmosphere mind subsequently to about 1 ppm (volume ratio) of oxygen 
densities adjusted. Fines with a mean particle diameter of 4.0 micrometers 
obtained were collected and slurred in mineral oil (the Idemitsu Kosan make, 
trade name:ldemitsu super sol PA-30), without touching atmospheric air in this 
nitrogen-gas-atmosphere mind. Mean particle diameter was measured with the 
laser diffraction mold particle-size-distribution measuring device (trade name: 
HEROSU Rhodes) made from Sympatec. Next, the methyl oleate of the specified 
quantity was added to the slurry, and it mixed with the agitator. The combination 
items of a slurry were taken as said fines:70 weight section, the mineral oil:29.9 
weight section, and the methyl oleate:0. 10 weight section. Next, a slurry is 
injected into the cavity of a compression mold and, subsequently they are 
orientation magnetic-field-strength: 1.0 MA/m (13kOe) and compacting pressure. : 
Horizontal magnetic field compression molding was carried out on condition that 
98MPa (1.0 ton/cm2), and the 15mmx25mmx10mm rectangular parallelepiped- 
like Plastic solid was acquired. Next, on the degree of vacuum of about 66.5Pa 
(5x10-1Torr), and 200-degree C conditions, the Plastic solid was heated for 3 
hours, and was deoiled, and, subsequently the temperature up was carried out to 
1050 degrees C in this ambient atmosphere, and subsequently, at 1050 degrees 
C, it sintered for 2 hours and cooled to the room temperature after that. Next, the 
first heat treatment which heats a sintered compact at 900 degrees C for 2 hours, 
and subsequently quenches it to a room temperature in an argon ambient 
atmosphere was performed. Next, it heated at 500 degrees C in the argon 
ambient atmosphere for 1 hour, and the second heat treatment subsequently 
cooled to a room temperature was performed, and the sintered magnet of this 
invention was obtained. The component-analysis result of the obtained sintered 
magnet is shown in Table 1 . Moreover, after processing the obtained sintered 
magnet into 10mm angle and measuring a consistency, the result of having 
measured the magnetic properties of a room temperature (20 degrees C) is 
shown in Table 2. Moreover, the obtained sintered magnet was processed into 



7mm angle, the pulse magnetic field of 1 1 .9 MA/m (150kOe) was impressed in 
the room temperature (20 degrees C), and magnetization measurement was 
performed. It was Br/(4pil) max =97.2% which calculated the maximum (4pil) 
max of Br and magnetization by this measurement, and was computed. 
Moreover, the X diffraction (line source: CuK alpha rays) was performed in the 
following ways to the obtained sintered magnet. The sintered magnet obtained so 
that a field perpendicular to the anisotropy grant direction might turn into a 
measuring plane was set, and 2theta=30~50 degree was scanned by law 2 
theta/theta. A result is shown in drawing 1 . Only the X diffraction pattern as 
Nd2Fe14 B phase with the same all was accepted. Contrast with the X diffraction 
pattern (inside of drawing 1 ) of the example 1 of a comparison mentioned later 
shows that the X diffraction peak of the field (006) of the sintered magnet of an 
example 1 has shifted to a side whenever [ angle-of-elevation ]. This is a proof 
added C indicates it to be to exist in the main phase, and the diffraction pattern in 
drawing 1 expresses 2 (Nd, Pr) (Fe, Co) 14 (B, C) phase. (006) The lattice 
constants c and a and c/a which were calculated from the diffraction peak 
location of a field and a field (105) are shown in Table 3. Moreover, the obtained 
sintered magnet was processed with a permeance coefficient Pc=2.0;7.0mmx die 
length of 5.9mm (the die-length direction is the magnetization direction) in the 
shape of a rectangular parallelepiped, and it considered as the heat 
demagnetizing-factor test sample. [ 8.3mm by ] The magnetic field of 4.1 MA/m 
(52kOe) was impressed in the magnetization direction of this sample, and the 
amount of flux of the magnetization direction (phi 1) was measured at the room 
temperature (25 degrees C) after magnetization. Subsequently, the sample was 
paid to the thermostat, it cooled to the room temperature (25 degrees C) after 1- 
hour heating at 120 degrees C, and the amount of flux (phi 2) was measured. 
From phil and phi2, the heat demagnetizing factor computed by the formula (2) 
is shown in drawing 2 . A heat demagnetizing factor is very small and drawing 2 
shows that it is rich in thermal resistance. 
(phi1-phi2)/phi1x100 (%) (2) 
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[Table 1] 
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23.70 


6.60 
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0.10 


»«s 


0.16 
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[Table 2] 
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Br 
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(MGOe) 
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7.58 




40.8 
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1.38 


0.64 


7.61 




41.5 


13.8 


8.1 
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[Table 3] 
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c 


a 
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(nm) 
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1.215 


0.879 


1.382 


iktS<5!l 1 


1.219 


0.880 


1.386 




1.220 


0.879 


1.388 


tt«05 3 


1.209 


0.882 


1.371 



[0027] (Example 1 of a comparison) By weight %, the sintered magnet was 
produced like the example 1 except having considered as the alloy coarse 
powder which has the major component presentation of Nd:23.90%, Pr:6.60%, 
B:0.90%, C:0.03%, Co:2.00%, Ga:0.10%, Cu:0.10%, and remainder:Fe. a 
component-analysis result » Table 1 - magnetic properties and the 
measurement result of a consistency - Table 2 - an X diffraction pattern is 
shown in drawing 1 , and a heat demagnetizing factor is shown for the 
measurement result of a lattice constant ratio (c/a) in Table 3 at drawing 2 , 
respectively. Table 2 - (BH) of the sintered magnet of the example 1 of a 



comparison -- max and iHc are a little lower than the thing of an example 1 , and it 
turns out that a heat demagnetizing factor is inferior to drawing 2 from an 
example 1 . 

[0028] (Example 2 of a comparison) By weight %, the sintered magnet was 
produced like the example 1 except having considered as the alloy coarse 
powder of a major component presentation of Nd:23.90%, Pr:6.60%, B:0.80%, 
C:0.03%, Co:2.00%, Ga:0.10%, Cu:0.10%, and remainder:Fe. Magnetic 
properties and the measurement result of a consistency are shown in Table 2, 
and the measurement result of a lattice constant ratio (c/a) is shown for a 
component-analysis result in Table 1 in Table 3, respectively. 
(Example 3 of a comparison) By weight %, the sintered magnet was produced 
like the example 1 except having considered as the alloy coarse powder of a 
major component presentation of Nd:23.90%, Pr:6.60%, B:0.45%, C:0.50%, 
Co:2.00%, Ga:0.10%, Cu:0.10%, and remainder:Fe. Magnetic properties and the 
measurement result of a consistency are shown in Table 2, and the 
measurement result of a lattice constant ratio (c/a) is shown for a component- 
analysis result in Table 1 in Table 3, respectively. Each sintered magnet of the 
examples 2 and 3 of a comparison has very low coercive force, and does not 
bear practical use. It turned out that the 3rd phase other than the main phase and 
R rich phase (R2Fe17 phase) generated as this reason since B was insufficient 
for the thing of the examples 2 and 3 of a comparison from stoichiometric 
composition (about 0.90 % of the weight), and magnetic properties fell. On the 
other hand, it turned out that C which it is at the dissolution time and was added 
compensated with the thing of an example 1 the part which runs short of B rather 
than stoichiometric composition, it formed and had R2 (Fe, Co) 14 (B, C) phase, 
and the improvement of magnetic properties was made. A related examination 
showed that iHc with the expensive magnet of an example 1 was based on the 
increment in an anisotropy field Ha. 

[0029] (Example 2) The strip cast alloy of about 0.3mm of board thickness 
produced in the example 1 was inserted in all over the vacuum furnace, and it 



cooled to the after [ 1000 degree-Cx 2 hour heat treatment ] room temperature 
with the degree of vacuum of about 6.7Pa (5x10-2Torr). Using this heat treated 
alloy, coarse-powder-izing, pulverizing, slurrying, horizontal magnetic field 
compression molding, deoiling, sintering, and heat treatment were performed like 
the example 1, and the sintered magnet was produced henceforth. The magnetic 
properties and the consistency of a room temperature (20 degrees C) are as 
follows, and iHc and its (BH) max were improving compared with the example 1 . 
(BH)max:389kJ/m3(48.8MGOe) 
Br:1.42T(14.2kG 

iHc: 1.19 MA/m consistency (14.9kOe): 7.59 Mg/m3 [0030] (Examples 3 and 4) 
Except having changed the dissolution major component presentation of a strip 
cast alloy, like the example 1 , finally the sintered magnet of a presentation of 
Table 4 was produced, and the magnetic properties and the consistency of a 
room temperature (20 degrees C) were measured. A result is shown in Table 5. 
[0031] 
[Table 4] 





kd 


Pr 


Dy 


B 


C 


Co 


Oa 


Cu 


Fe 


0 




(») 


(%) 


(%) 


(%) 


(%) 


(%) 


(%) 


(%) 


(*) 


(*) 




24.00 


6.60 




0.78 


0.20 




0.08 






0.13 


«£«5 


23.10 


6.40 


1.00 


0.85 


0.22 


2.00 


0.08 


0.10 


ate 


0.14 



[0032] 



[Table 5] 




(BH)max 


Br 


iHc 


mm 




(kJ/m s ) 


(T) 


(MA/m) 


(Mg/m a ) 




(MGOe) 


(kG) 


(kOe) 






388 


1.42 


1.18 


7.59 




48.8 


14.2 


14.8 






357 


1.37 


1.31 


7.62 




44.9 


13.7 


16.5 





[0033] The magnetic properties of a room temperature equivalent to an example 
1 were acquired with the sintered magnet of the example 4 which does not 
contain Co and Cu by example 1 contrast from Tables 4 and 5. Moreover, they 
are 350.1 kJ/m3 (44MGOe) with the sintered magnet of the example 5 containing 
Dy. It turns out that (BH) max of ** and iHc of 1.1 MA/m (14kOe) ** are obtained. 



[0034] 

[Effect of the Invention] Above, according to this invention as description, even if 
it is the high C content mold which contained C of the specified quantity as a 
major component, the R-T-B-C system sintered magnet (however, R is at least 
one sort of rare earth elements, and T is Fe, or Fe and Co) which has high 
magnetic properties, and its manufacture approach can be offered. Moreover, it 
faces, and recycling the raw material alloy for R-T-B-C system sintered magnets, 
and the cost merit that the upper limit of a permission C content can increase the 
scrap ratio in part RIMERUTO which can be pulled up from the conventional R-T- 
B system sintered magnet is also obtained. [ using the scrap of the R-T-B system 
sintered magnet of a quantity C content ] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an example of the X diffraction pattern of the 
sintered magnet of this invention, and an axis of ordinate is X-ray time 
reinforcement (arbitration scale), and an axis of abscissa is whenever [ angle-of- 
diffraction ]. 



[Drawing 2] It is drawing showing an example of the heat demagnetizing factor of 
the sintered magnet of this invention. 
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[Drawing 1] 
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[Drawing 2] 
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